The sodium space and body sodium content, exchangeable with sodium 24 , were determined in 20 patients with ascites resulting from hepatic cirrhosis. Values were markedly increased over normal and roughly proportional to the degree of ascites estimated clinically. It appears that the expansion of the sodium space in cirrhosis with ascites represents the actual increase of body fluid due to the ascitic volume. No relationship was found between the serum sodium concentration and body sodium content. In the presence of ascites and/or edema, a deficiency of body sodium content cannot be inferred from a lowered sodium concentration in the serum.
T HE measurement of "sodium space" and body sodium content with the aid of isotopic dilution methods has been made in normal individuals by several investigators. 1 ' 7 More recently, these values have been measured in a group of patients with edema of cardiac origin. 8 ' 9 In the present study, the "sodium space" and body sodium content, exchangeable with sodium,- 4 have been measured in a group of 20 patients with varying degrees of ascites due to hepatic cirrhosis. METHODS Three 12.0 ml. blood samples were obtained by venipuncture at about 12, 24, and 40 hours after the injection of approximately 100 microcuries of sodium 24 in 2 to 4 ml. of sterile isotonic sodium chloride. The blood was allowed to clot and the serum removed. Duplicate 1.0 or 2.0 ml. serum samples were dried on plates, and the beta-ray activity determined by means of a Geiger-Miiller counter (Victoreen aluminum wrap-around tube and Berkeley decimal sealer). All samples were counted to an accuracy of 1 to 2 per cent, and all values were corrected for radioactive decay, background, and the resolving time of the counting equipment. The amount of sodium 24 injected was determined by measuring the activity of an aliquot of the injected solution. In addition, the serum sodium 23 concentration of the samples was determined by means of an internal standard flame photometer (Perkin-Elmer).
In four patients ascitic fluid samples were taken simultaneously with the venous blood samples and the radioactivity determined in the same manner. It was noted that, within experimental error, the activity in the serum and in the ascitic fluid samples was the same after 12 hours, indicating that essential equilibrium had been attained by this time. The patients studied were on a controlled dietary regimen for approximately one week before measurements were taken. Dietary sodium intake was calculated from tables by competent dietitians.
Calculations. When the values of the three serum samples are plotted against time on semilogarithmic paper, a straight line is obtained, the extrapolated zero-time value of which can be used to calculate the volume of dilution of the injected sodium 24 as follows:
* Sodium space in liters total sodium 2 * activity injected serum sodium- 4 
coiu-entration per liter
The body sodium content may be obtained by multiplying the serum sodium 23 concentration by the sodium space, and has been expressed as millequivalents per kilogram of body weight. * This calculation assumes a homogeneous concentration of sodium. Because sodium is not homogeneously distributed among the various tissues, the value obtained by calculation is virtual rather than actual. However, sodium space measurements areof considerable value when used comparatively.
4S6
Circulatioti Research, Volume 1. November 195$ consisted of 13 normal males and 2 normal females, with an average age of 59.4 years (range 42 to 85 years), who were hospital convalescents and who had no past history or present clinical evidence of electrolyte or fluid imbalance. The average value for the sodium space was 30.1 =fc 1.6* per cent of the body weight. The bodj r sodium content averaged 41.6 ± 1.5 mEq. per kilogram. The serum sodium 23 levels averaged 138 ± 1.3 mEq. per liter.
Old Adults with Ascites ( Table 2 ). This group consisted of 15 adult males and 5 adult females who manifested varying degrees of ascites as the result of advanced chronic hepatitis of the Laennec t}'pe. In addition, variable amounts of peripheral edema were present in 17 of the patients. The clinical degree of ascites 
RESULTS
The results of sodium space and body sodium determinations in a group of old normal adults and in a separate group of patients of comparable age who manifested varying clinical degrees of ascites are summarized in figure 1.
Old Normal Adults (Table 1) . This group was estimated on an arbitrary scale from plus 1 to plus 4. Edema was estimated clinically on a scale of from zero to plus 4. The patients with the largest estimated degrees of ascites tended to have more edema, although this was not uniformly true. The values for sodium * Standard error of the mean space and body sodium content shown in figure 1 reflect the amount of edema present as well as the degree of ascites. A gross method for correcting the values for the amount of edema in a given patient will be discussed below.
The average age of this group of old adults with ascites was 53.7 years (range 38 to 69 years). The average value for the sodium space was 43.5 ± 1.5 per cent of the body weight, and the average body sodium content was 59.3 ± 1.9 mEq. per kilogram. The serum sodium 23 levels in this group averaged 136 ± 0.9 mEq. per liter. 
DISCUSSION
As previously noted, the extrapolated zerotime value of the component constructed from serum samples taken at 12, 24, and 40 hours has been used to calculate the volume of dilution of the injected radiosodium. Certain indirect evidence strongly suggests that the rate constant, k, of this component reflects the loss of sodium from the body via all channels. Sodium diuresis induced by mercurials sharply steepens the slope of this component, and conversely severe sodium restriction markedly flattens the line. In the normal situation where balance obtains between sodium intake and loss, an approximation of the rate of loss of tracer sodium from the body can be made from the ratio of the measured sodium intake to the body sodium content. Such a rate constant, k', calculated from the sodium intake, can be compared with the disappearance con-stant obtained from the serum samples. Similar theoretic considerations of biologic decay rates have been discussed by Burch and coworkers. 10 Table 3 shows such a comparison in a group of patients with ascites and edema, in which a steady low sodium dietary intake was accurately known. There is no great discrepancy in the order of magnitude of the two sets of constants. When the balance between intake and output is disturbed by mercurial diuresis, however, there is a pronounced increase in the disappearance rate constant calculated from the serum samples and, as expected, the agreement between the two sets of constants disappears. As can be noted in figure 1, in the cirrhotic patients there is a marked increase in the sodium space and body sodium content, exchangeable with sodium, 24 which is roughly proportional to the degree of ascites estimated clinically. The patients with plus 4 ascites, who also had large amounts of peripheral edema, approximately doubled the amount of body sodium normally present; those with plus 4 ascites and only minimal edema show a smaller, but nevertheless definite, increase in body sodium content (table 2) . The values cited for the patients with ascites shown in figure 1 and in table 2 represent not only the amount of body sodium normally present (41.6 ± 1.5 mEq. per kilogram), but also the amount of body sodium contributed by the ascites and by any coexistent edema. This over-all measurement of body sodium occurs because the sodium ion is unable to distinguish normal extra-and intracellular fluid from fluid present as ascites and/or edema.
In order to gain a clearer idea of the contribution from ascites alone to the increase in body sodium seen in these patients, it is first necessary to make some type of correction for the varying amount of coexisting edema. In a previous study of the body sodium content of patients with edema (and without ascites) it was shown that a plus 1 edema coincided with approximately 1.5 liters of sodium space per square meter of body surface area, plus 2 with 3.5 liters per square meter, plus 3 with 5.0 liters per square meter, and plus 4 with 7.5 liters per square meter. 8 Using this information, if the amount of sodium space considered to be due to the amount of edema is subtracted from the total sodium space found in the patients with ascites and edema, then a value is obtained which represents the normal sodium space plus the sodium space contributed by the ascites. Admittedly, such a correction for the edema present in these patients with ascites and edema is at best very rough. However, a more accurate picture of the increase in body sodium seen in cirrhosis with ascites is gained than if no effort were made to account for the varying amounts of edema present.
In figure 2 , the sodium spaces (liters per square meter) of the 20 patients with ascites have been corrected for the clinical degree of edema present in each patient according to the approximate values mentioned above. These corrected sodium spaces, representing the normal sodium space plus any contribution from ascites, are plotted against the clinical degree of ascites. The horizontal line represents the average normal sodium space of old adults, expressed as liters per square meter of bod}' surface. The diagonal line shows the average increase in sodium space with increasing amounts of ascites. The correlation coefficient has been calculated to be 0.76. The lack of perfect correlation can be attributed to the clinical difficulty in making an accurate estimate, particularly where small amounts of ascites and edema are concerned. The difference between the horizontal and diagonal lines in figure 2 at any given point gives a rough idea of the excess sodium space, which varies in an average individual (1.73 square meters) from approximately 2.5 liters in minimal ascites to about 10 liters in marked ascites. These values compare favorably with the measured volume of fluid removed in a random series of 25 paracenteses, and suggest that the expansion of the sodium space in cirrhosis with ascites represents the actual increase of body fluid due to the ascitic volume. However, accurate quantitative conclusions on the distribution of the sodium within the sodium space cannot be made on the basis of available data.
An erroneous conclusion has been reached in some instances in which the sodium concentration in the serum was used as a measure of the body sodium content in edematous states. As illustrated in figure 3, there is a complete lack of relationship between these two measurements. In the presence of ascites and/or edema, the finding of a lowered serum sodium concentration does not indicate a deficiency of bod}' sodium content; in fact, the body sodium content is invariably elevated in such conditions, and its magnitude is not dependent on the serum sodium level. SUMMARY Sodium space and body sodium content, exchangeable with sodium, 24 were determined in a group of 20 patients with ascites resulting from hepatic cirrhosis and compared with values obtained in normal adults of similar age. A marked increase in the sodium space and body sodium content, roughly proportional to the degree of ascites estimated clinically, was observed.
A gross and approximate correction for the exaggerating effect of edema on the elevated sodium space seen in ascites is applied.
Although accurate quantitation of the distribution of the sodium within the sodium space cannot be made from the available data, it appears that the expansion of the sodium space in cirrhosis with ascites represents the actual increase of body fluid due to the ascitic volume.
In the edematous states studied, no relationship was found between the serum sodium concentration and the body sodium content. In fact, in the presence of ascites and/or edema, a deficiency of body sodium content cannot be inferred from a lowered sodium concentration in the serum.
